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@ Cellular mobile communications system using frequencies commonly shared by neighboring cells 
for handoff operations. 



@ In a cellular mobile communication system, 
each base station is allocated common fre- 
quencies shared with other base stations in 
addition to unique frequencies. One of the un- 
ique frequencies is assigned by a base station 
to a mobile terminal in response to a call re- 
quest The field strength of a signal from that 
mobile terminal is detected and one of the 
common frequencies is assigned to it if the 
detected field strength becomes lower than a 
threshold. The base station receives afield 
strength signal from a neighboring station indi- 
cating the field strength of a version of the 
signal at the neighboring station and compares 
it with a threshold, and combines the signal of 
that mobile terminal with the version of the 
signal received by an relayed from the 
neighboring station when the field strength of 
that version of the signal is higher than the 
threshold. At the given mobile station, a signal 
from the base station which assigned the com- 
mon frequency is combined with a signal from 
the neighboring station. In a modification, the 
field strength of signals from surrounding base 
stations is detected by mobile terminals and a 
start-of-diversity-mode request is transmitted 
when the field strength of one of the surround- 
ing stations is higher than a threshold and an 
end-of-diversity-mode request signal is trans- 
mitted when the field strength of such a sur- 
rounding station is lower than the threshold. 
The base station responds to these requests for 
effecting diversity reception. 
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BACKGROUND OF THE INVENTION 

The present invention relates generally to cellular 
mobile communications systems, and more particu- 
larly to such a system operating during handoffs. s 

With conventional cellular mobile communication 
system, unique frequencies are allocated to each ceil 
site. In addition to the transmitter and receivers 
operating at the allocated frequencies, each cell site 
is provided with as many receivers as there are 10 
neighboring cell sites for receiving signals from 
mobile terminals for controlling handoffs. The number 
of such receivers is several times greater than the 
number of receivers operating at the allocated fre- 
quencies. 15 

SUMMARY OF THE INVENTION 

it is therefore an object of the present invention to 
provide a cellular mobile communication system hav- 20 
ing a smaller number of receivers for controlling hand- 
offs. 

According to one aspect of the present invention, 
the base station located at the cell site is allocated 
common frequencies which are shared with other 25 
base stations in addition to unique frequencies. One 
of the unique frequencies is assigned to a given 
mobile terminal in response to a call request from the 
land-line system or from the mobile terminal. The field 
strength of a signal from the given mobile terminal is 30 
detected and one of the common frequencies is assig- 
ned to the given mobile terminal if the detected field 
strength becomes lower than a threshold value. The 
base station which assigned the common frequency 
receives a field strength signal from a neighboring 35 
base station indicating the field strength of a version 
of the signal of the given mobile terminal at the 
neighboring base station and compares it with a 
threshold value. The base station includes a diversity 
combiner for combining the signal of the given mobile 40 
terminal with the version of the signal received by and 
relayed from the neighboring base station when the 
field strength of the version of the signal at the 
neighboring station is higher than the threshold value. 
Each mobile terminal comprises means for tuning to 45 
frequencies assigned by the base stations and a 
diversity combiner for combining a signal from the 
base station which assigned the common frequency 
with a signal from the neighboring base station. 

In a preferred embodiment, each of the base sta- so 
tions having unique frequencies, a first group of com- 
mon frequencies and a second group of common 
frequencies, the common frequencies of the first and 
second groups being shared with other base stations. 
One of the common frequencies of the first group is 55 
assigned to a given mobile terminal if the field strength 
detected at the own base station is lower than a 
threshold value and one of the common frequencies 



of the second group is assigned to the given mobile 
terminal when the field strength of a version of the 
same mobile's signal at the neighboring base station 
becomes lower than the detected field strength of the 
signal of the mobile terminal. In the given mobile ter- 
minal, a signal from the base station which assigned 
the common frequencies of the first and second 
groups is combined with a signal from the neighboring 
base station. 

According to a second aspect of the present 
Invention, each mobile terminal detects the field 
strength of signals transmitted from surrounding base 
stations and sends a start-of-diversity-mode request 
signal when the field strength of one of the surround- 
ing base stations is higher than a threshold value and 
sends an end -of-di vers rty-mode request signal when 
the field strength of such a surrounding base station 
is lower than the threshold value. Each base station 
is allocated common frequencies shared with other 
base stations in addition to unique frequencies. One 
of the unique frequencies is assigned to a given 
mobile terminal in response to a call request from the 
land-line system or from the mobile terminal and one 
of the common frequencies is assigned to the given 
mobile terminal in response to the start-of-diversity- 
mode request signal. A diversity combiner is provided 
at the base station for combining the signal of the 
given mobile terminal with a version of the signal of 
the given mobile terminal which is received by and 
relayed from another base station during a period 
starting in response to the start-of-diversity-mode 
request signal and terminating in response to the end- 
of-diversity-mode request signal. 

in a preferred embodiment, a change-of-fre- 
quency request signal is transmitted from the given 
mobile station when the field strength of the surround- 
ing base station becomes lower than the field strength 
of another base station. Each of the base stations is 
allocated a first group of common frequencies and a 
second group of common frequencies in addition to 
the unique frequencies, the common frequencies of 
both groups being shared with other base stations. 
One of the common frequencies of the first group is 
assigned to the given mobile terminal in response to 
the start-of-diversity-mode request signal and one of 
the common frequencies of the second group is assig- 
ned to that mobile terminal in response to the chan- 
ge-of-frequency request signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in further 
detail with reference to the accompanying drawings, 
in which: 

Fig. 1 is a block diagram of a base station of the 
cellular communications system of the present 
invention; 

Fig. 2 is a block diagram of a mobile terminal of 
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the cellular communications system of the pre- 
sent invention; 

Figs. 3A and 3B are flowcharts describing a sequ- 
ence of programmed instructions performed by 
the controller of the base station according to a s 
first embodiment of this invention; 
Fig. 4 is a flowchart describing a sequence of pro- 
grammed instructions performed by the controller 
of the mobile terminal according to the first embo- 
diment of this invention; 10 
Figs. 5A and 5A are schematic illustrations show- 
ing different points of a path between typical base 
stations travelled by mobile terminals and fre- 
quencies assigned to the mobile terminals 
according to the first embodiment of this inyen- 15 
tion; 

Fig. 6 is a flowchart describing a sequence of pro- 
grammed instructions performed by the controller 
of the mobile terminal according to a second 
embodiment of this invention; 20 
Fig, 7 is a flowchart describing a sequence of pro- 
grammed instructions performed by the controller 
of the base station according to the second embo- 
diment of this invention; and 

Figs. 8A and 8A are schematic illustrations show- 25 
ing different points of a path between typical base 
stations travelled by mobile terminals and fre- 
quencies assigned to the mobile terminals 
according to the second embodiment of this 
invention; 30 

DETAILED DESCRIPTION 

The cellular communications system for mobile 
telephony according to this invention includes a 35 
plurality of base stations respectively located at the 
cell sites. As shown is in Fig. 1 , each base station of 
this invention includes an antenna 1 coupled to a dip- 
lexer 1 to which a plurality of receivers and transmit- 
ters are connected. Receivers 3-1 through 3-1 40 
operate at frequencies f, (where i = 1, 2.,.. I) which are 
uniquely allocated to the base station for receiving 
signals from mobile terminals located within the 
boundary of the own cell. Each signal from the mobile 
unit is time-division multiplexed with other mobile's 45 
signals on each of the assigned frequencies. Receiv- 
ers 4-1 through 4J are provided for use during an ini- 
tial handoff operation and operate at frequencies fj 

(where j = 1, 2 J) t and receivers 5-1 through 5-K 

are provided for use during a subsequent handoff so 
operation and operate at frequencies f k (where k = 1 , 

2 K). The frequencies fj and f k are shared by 

neighboring base stations. The outputs of receivers 3- 
1 through 3-I are coupled to a controller 6 and further 
to a land-line system, or mobile telephone switching 55 
office, while the outputs of receivers 4-1 - 4-J are 
coupled to controller 6 and to a diversity combiner 7, 
and further to neighboring base stations. The outputs 



of receivers 5-1 - 5-K are coupled to controller 6, 
land-line system and neighboring stations. Diversity 
signals are also received from the neighboring sta- 
tions and supplied to diversity combiner 7 to provide 
space diversity combining with a neighboring station. 
The outputs of diversity combiner 7 are coupled to the 
land-line system. 

Time-division multiplexed transmit signals from 
the land-line system are supplied to transmitters 8-1 
- 8-I for transmitting signals on a frequency F, as well 
as to transmitters 9-1 - 9-j for transmitting TDM signals 
on a frequency Fj, the outputs of transmitters 8 and 9 
being coupled to diplexer 2. The selection of transmit 
frequencies is also controlled by controller 6. 

In Fig. 2, a mobile terminal comprises an antenna 
11, a diplexer 12, and receivers 13-1, 13-2 to which 
local earners are supplied from frequency synthesiz- 
ers 14-1 and 14-2 under control of a controller 15. The 
outputs of receivers 13-1 and 13-2 are coupled to a 
diversity combiner 16 in which signals received from 
neighboring base stations are diversity combined in a 
manner as will be described. The output of diversity 
combiner 16 is applied to a hybrid circuit 19 and 
thence to a handset 20. Transmit signal from the 
handset is coupled through hybrid 19 to a transmitter 
17 whose carrier frequency is supplied from a fre- 
quency synthesizer 18 under control of the controller 
15. 

Figs. 3A and 3B show details of programmed 
instructions to be performed by the controller 6 of the 
base station according to a first embodiment of this 
invention, Fig. 4 showing details of programmed 
instructions to be performed by the controller 15 of 
each mobile terminal according to the first embodi- 
ment. 

in response to a frequency assignment request 
transmitted on a control (setup) channel from a mobile 
terminal (step 30, Fig. 3A), control branches at step 30 
to step 31 to compare the field strength D of the 
received signal with a threshold value D^. If D ^ D th , 
control branches at step 31 to step 32 to reset a fre- 
quency variable i to one. Step 32 is followed by a deci- 
sion step 33 in which the frequency f ( is checked for 
availability. 

Note that frequencies f ( are allocated to a base 
station X for assignment to mobile terminals which are 
located within the cell X of that base station when a 
call is originated from or terminated to such mobile ter- 
minals and frequencies f m are allocated to a base sta- 
tion Y for assignment to moble terminals which are 
located within the cell Y. 

If f| is available, control branches to step 34 to 
assign frequencies f, and F, to the requesting mobile 
terminal by transmitting a frequency assignment sig- 
nal to it and establishes mobile-to-base and base-to- 
mobile channels . If f| is not available, control 
branches at step 33 to step 35 to check to see rf vari- 
able i is equal to a maximum value I. If the answer is 
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negative, control branches to step 36 to increment 
variable i by one and returns to step 33 to check the 
next frequency for availability; otherwise it returns to 
step 30 to repeat the process. If the field strengh D is 
determined by step 31 as being lower than threshold s 
value Dth, control branches to step 37 to reset variable 
j to one and goes to step 38 to check to see if fre- 
quency fj is available. If not, control branches to step 
40 to check to see if j = J. If frequency f, is available, 
exit then is to step 39 to assign frequencies fj and Fj 10 
to the requesting mobile terminal, tf variable j is not 
equal to j, control branches at step 40 to step 41 to 
increment variable j, by one and returns to step 38 to 
repeat the process until j = J. If j = j, control branches 
at step 40 to the starting point of the program. 15 

Therefore, the requesting mobile terminal is 
switched to voice-channel frequencies f ( and F, if the 
signal level of the control channel is higher than the 
threshold level D^. Otherwise, it is switched to fre- 
quencies f| and Fj . 20 

It is assumed that a mobile terminal is traveling in 
a direction away from base station X to base station 
Y f passing through several points A, B, C, D and E as 
shown in Fig. 5 A. The program execution now enters 
a hand off routine which begins with an initialisation 25 
step 42 in which variable i is set to 1. Exit then is to 
step 43 to check to see if frequency f f is the one assig- 
ned to the mobile terminal. If the answer is affirmative, 
control branches to step 44 to detect the signal level 
Dj of frequency f ( for comparison with threshold level 30 

When signal level D, will become lower than 
threshold level D^, control branches to step 45 to 
switch the current frequencies of the mobile terminal 
to frequencies fj and Fj and moves to step 46. If fre- 35 
quency f, is detected as being not assigned to any 
mobile terminal, or if level D 1 is equal to or greater 
than threshold D^, control branches to step 46 to 
check to see if i = I. If i is not equal to I, control bran- 
ches to step 47 to increment variable i by one and 40 
returns to step 43 to repeat the process on the next 
frequency f f . 

Therefore, if a mobile terminal to which fre- 
quencies f, and Fj have been assigned is crossing the 
point A, base station X will cause it to switch to fre- 45 
quencies fj and F h 

Control then branches at step 46 to step 48 to set 
variable J to 1 and exits to decision step 49 to check 
to see if frequency fj is the one assigned to the mobile 
terminal. If the answer is negative, control branches so 
to step 50 to check to see if j = J. If j is not equal to J, 
control branches to step 51 to increment it by 1 and 
returns to step 49. If an assigned frequency fj is detec- 
ted, control branches at step 49 to step 52 to check 
to see if frequency fj from the mobile terminal is diver- 55 
sity-combined with a signal f^ from that mobile termi- 
nal relayed through a neighboring base station. If the 
answer is negative, control branches at step 51 to 



step 53 to compare the level Oj of signal at frequency 
fj with threshold value 0^. rf D, ^ D m , the program 
execution branches at step 53 to step 54 to switch to 
frequencies f| and Fj , this will occur if the mobile ter- 
minal has made a turn and is traveling backward to 
station X, crossing boundary point A (Figs. 5A, 5B). 

If Dj < On,, control branches at step 53 to step 55 
to receive field strength signals D Jn detected by and 
sent from neighboring base stations N indicating the 
level of signals at frequency f, they are receiving from 
the mobile terminal. Exit then is to step 56 to deter- 
mine if there is a base station Y that establishes the 
relation Djy £ D*. If there is one, control branches to 
step 57 to cause the mobile terminal to tune to fre- 
quency fk to enable reception of signal from station Y 
while enabling it keep reception of signals at fre- 
quency f, from station X. Thus, the mobile terminal is 
able to start reception on a frequency diversity mode 
by combining signals at frequencies fj and F k received 
from stations X and Y, respectively. Concurrently, 
diversity combiner 7 of base station X is enabled by 
controller 6 to start space diversity combining on a fre- 
quency-fj signal received direct from the mobile termi- 
nal with a version of the same signal which is received 
by base station Y and relayed to base station X as a 
signal fjy. 

The execution of step 57 will occur when the 
mobile terminal is entering an area between points B 
and C (Figs. 5A, SB) . Following the execution of step 
57, control returns to step 50 to repeat the process on 
the next one of the commonly shared frequencies Fj. 

When control subsequently passes through step 
52, affirmative decision will be made and it branches 
at step 52 to step 58 to receive the field strength signal 
Djy from station Y and exits to step 59 to compare it 
with a diversity threshold value D dIv . If D^ < D dh ,, con- 
trol branches to step 60 to stop the diversity combin- 
ing with the station Y. This will occur when the mobile 
terminal has made a turn on its way to station Y and 
crossed the boundary between points A and B, travel- 
ing backward to the starting point of the trip. If Djy £ 
D d}v , control branches at step 59 to step 61 to compare 
Djy with the level Dj of the signal received by the own 
base station direct from the mobile terminal. If Djy > 
Dj , control branches at step 6 1 to step 62 to cause the 
mobile terminal to switch its transmit frequency from 
fj to one of available frequencies f k . This will take place 
when the mobile terminal is entering an area between 
points C and D (Figs. 5A, 5B). 

With the mobile-to-base channel frequency being 
switched to f k( the program execution now enters a 
subroutine in which frequency f k is monitored while 
the mobDe terminal continues traveling to station Y. 
This subroutine begins with step 63 (Fig. 3B) in which 
frequency variable k is set equal to 1. Exit then is to 
decision step 64 to check to see if frequency f k is the 
one assigned to the mobile terminal. If the answer is 
affirmative, control branches at step 64 to step 65 to 
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compare the signal level D k of frequency-f k signal with 
the diversity threshold level D div . If D k ^ D dhrt control 
branches to step 66 to receive field strength signals 
Dm from neighboring stations N indicating the levels 
of signals received by these station from the mobile s 
terminal, and proceeds to step 67 to compare the level 
D k with the level of each of these signals. If the 
mobile terminal has made a turn and is traveling back- 
ward, the signal level D k will be become greater than 
any of levels D kn , and control branches at step 67 to 10 
step 68 to cause the mobile terminal to switch its 
transmit frequency from f k to fj and advances to step 
69 to check to see if k = K. If the answer is affirmative, 
control returns to the starting point of the program; 
otherwise it branches to step 70 to increment the k-va- is 
lue by one and returns to step 64 to repeat the pro- 
cess. 

If the mobile terminal has crossed the point E, 
approaching base station Y, step 65 will eventually 
determine that the level D k is smaller than diversity 20 
threshold D dh , , and the program execution branches 
to step 71 to stop using frequencies f k and F k and pro- 
ceeds to step 69, terminating a hand off procedure. 

Before base station X ceases communication 
with the mobile terminal, a neighboring base station, 25 
which may be located dose to station Y. will detect the 
frequency-f k signal from the mobile terminal and 
establishes a situation appropriate to effect space- 
diversity combining at frequency f k with station Y, 
while transmitting base-to-mobile signals at fire- 30 
quency Fj to permit the mobile terminal to continue fre- 
quency-diversity reception. Therefore, the companion 
base station with which base station Y has been work- 
ing on space diversity mode has changed from station 
X to that neighboring station. This will occur when 35 
control of the neighboring station determines that fre- 
quency f k is not the one assigned by that neighboring 
station, and branches at step 64 to step 72 to compare 
D k with threshold D dh ,. If S D dlv , control advances 
to step 73 to start diversity combining on frequency f k 40 
and starts transmitting the signal to the mob Be termi- 
nal at frequency F k . Otherwise, control branches at 
step 72 to step 69. 

Each base station is executing a set of similar 
hand off routines with the exception that frequency 45 
variables j and k being transposed with each other. 
Namely, when base station X is executing a handoff 
routine with frequency variables i, j and k, it is simul- 
taneously executing another handoff routine with fre- 
quency variables j and k transposed in position with so 
each other. Therefore, t>ase station Y is executing a 
handoff routine with the transposed frequency vari- 
ables j and k when an approaching mobile terminal 
has crossed the point E and causes it to switch from 
commonly shared frequencies f k and F k to frequencies 55 
f m and F m which are allocated to base station Y for 
assignment to mobile terminals traveling within its 
cell. 



Referring to Fig. 4, the program execution of the 
mobile terminal associated with the program of Figs. 
3A and 3B begins with derision step 80 which checks 
to see rf a call request is generated by the mobile unit 
or received from a base station. If the answer is affir- 
mative, control branches to step 81 to transmit a fre- 
quency assignment request. After receiving a 
frequency assignment signal (step 82), control exec- 
utes step 83 by switching the mobile's operating fre- 
quencies to the assigned frequencies. Control 
determines that if there is more than one receive fre- 
quency assigned (step 84). rf this is the case, control 
branches at step 84 to step 85 to enable diversity 
combiner 16 to start frequency diversity reception on 
signals received at different frequencies by receivers 
13-1 and 13-2. Following a negative decision of step 
84 or execution of step 85, step 86 is executed by 
checking to see if a change-of-frequencies signal is 
received from the base station. If the answer is affir- 
mative, control branches at step 86 to step 87 to deter- 
mine if there is only one receive frequency to be 
switched into operation. If the answer is negative, 
control branches at step 87 to step 83 to repeat the 
process; otherwise it branches to step 87 to cease the 
diversity reception mode and returns to step 83. 

Before terminating the program, decision step 89 
is looped as long as the answer is negative in step 85 
in order to check for the end of the call. 

With the previous embodiment, the decision to 
effect diversity or nondiversity mode of reception is 
made by base stations using threshold values which 
are determined to accommodate a sufficient amount 
of safety margin for using frequencies which are 
uniquely assigned to base stations. Therefore, diver- 
sity mode of reception accounts for a substantial pro- 
portion of each call duration, requiring a sufficient 
number of commonly shared frequencies for each of 
different bands f, and f k . 

In a modified embodiment shown in Figs. 6 and 
7, the right to make a decision on diversity or non- 
diversity mode of reception is on the side of mobile ter- 
minals . Since field strength measurement can be 
precisely detected as a factor for determining the 
operational mode, the time during which the mobile 
terminal is allowed to use uniquely assigned fre- 
quencies can be extended, reducing the time in which 
to use commonly assigned frequencies. Therefore, 
the number of commonly shared frequencies can be 
reduced in comparison with the previous embodi- 
ment 

Referring to Fig. 6, a mobile terminal starts 
executing a program with step 90 in which it checks 
to see if a call request is generated by the mobile ter- 
minal or received from a base station. If the answer is 
affirmative, control branches to step 91 to transmit a 
frequency assignment signal on a control channel. 
Exit then is to step 92 to scan control channels of sur- 
rounding base stations to detect their field strengths 
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D n . Control proceeds to step 93 to determine if there 
is a station that establishes the relation D n > D div . If the 
answer is negative, control branches at step 93 to 
step 1 03 to switch its transmit and receive frequencies 
ft and F| assigned by base station X, and proceeds to 5 
step 104. 

if the answer is affirmative in step 93, control 
branches at step 93 to step 94 to transmit a start-of- 
diversity-mode request to such base stations X and Y. 
As will be described, each of such base stations 10 
assigns frequencies in response to the start-of-diver- 
sity-mode request Control exit to step 95 to check for 
the receipt of a frequency assignment signal. If the 
answer is affirmative, control exits to step 96 to switch 
the mobile's transmit frequency to fj, and mobiles' re- 1 5 
ceive frequencies to Fj and F k . Exit then is to step 97 
to check for an-end-of-call situation. If the rail is still 
in progress, control branches at step 97 to step 98 to 
detect field strength D } and D k of signals at fre- 
quencies fj and f k and make a comparison between Dj 20 
and D k . 

If Dj < D k , control branches at step 98 to step 99 
to switch the mobile's transmit frequency from fj to f k 
and proceeds to step 1 00 to transpose frequency vari- 
ables k to j and j to k, with control returning to step 97 25 
to repeat the process. 

If D| ^ Dj control branches at step 98 to step 101 
to compare the level Dj of the stronger signal with 
diversity threshold D dJv . If Dj ^ D divt steps 97 through 
100 are repeated, and If Dj < D d(Vf control branches at 30 
step 101 to step 102 to transmit an end-of-diversity^ 
mode request to switch the base station receive fre- 
quency from fj to f, . Control now exits to step 103 to 
switch its transmit and receive frequencies to f| and F f 
assigned by station X. Control moves to step 105 to 35 
check foran end-of-call situation and branches to step 
106 if the call is in progress. Control channels are 
scanned and their field strengths are determined as 
D n (step 106) and comparisons are made between D n 
and to determine if base stations are present 40 
which are establishing the relation D n > D^. If the 
answer is affirmative, control branches at step 107 to 
step 94. Otherwise, control branches at step 107 to 
step 105 to repeat the process. 

In Fig. 7. the program execution of a base station 45 
starts with derision step 200 in which control checks 
to see if a frequency assignment request is received 
from a mobile terminal. If the answer is negative, con- 
trol branches to step 206. Otherwise, it branches to 
step 201 to check to see if a start-of-diversity-mode so 
request is received. If it is, the program execution 
branches to step 202 to select available frequencies 
fj and Fj and transmit a frequency assignment signal 
to the mobile terminal. If a start-of-diversity-mode 
request is not received within a specified period, con- 55 
trol branches at step 201 to step 203 to select avaB- 
able frequencies fi and Fj and transmit a frequency 
assignment signal to the mobile terminal. 



Following the execution of step 202 or 203, con- 
trol now enters a handoff routine which begins with 
step 204 to determine if a start-of-diversity-mode 
request is received from a mobile terminal to which 
frequencies f m and F m were assigned by base station 
Y and is approaching base station X. If the answer is 
negative, control branches at step 204 to step 206 to 
set variable i to one, and if affirmative, it branches to 
step 205 to assign frequencies f k and Fj and starts 
diversity combining on the assigned frequencies, and 
then proceeds to step 206. 

If a mobile terminal is traveling from station Y 
toward station X (see Fig. 8A, 8B) and crossing a point 
C 1t it is operating on frequencies fj, F jt F k (step 96, Fig. 
6). control will branch at step 204 to step 205. Since 
station Y is executing a similar handoff routine and 
assigns a frequency F k to that mobile terminal, the lat- 
ter enters a diversity reception mode by combining a 
frequency-Fj signal received from station X and a fre- 
quency-F k signal received from station Y. On the other 
hand, the frequency-f k signal sent from the mobile ter- 
minal is received by base stations X and Y and diver-, 
sity combined by station X 

Step 207 is then executed and a check is made 
whether a start-of-diversity-mode request is received 
from a mobile terminal using frequencies f ( and Fj 
which were assigned by station X and is traveling 
away from station X. When this mobile terminal cros- 
ses a point A t (Fig. 8A, 8B), the answer will be affir- 
mative at step 207 and control branches to step 208 
to assign frequencies fj and Fj and starts diversity 
combining. In a manner similar to the mobile terminal 
crossing the point C 1f the mobile terminal crossing the 
point A t is switched to frequencies fj, Fj and F k , and 
proceeds to effect diversity combining on a frequen- 
cy-Fj signal received from station X and a frequency- 
F k signal received from station Y, whereas the 
frequency-f k signal sent from this mobile terminal is 
received by base stations X and Y and diversity com- 
bined by station X. 

If the answer is negative at step 207, control bran- 
ches to step 209 to check for i = I. Frequency variable 
i is incremented by one (step 210) until variable i 
becomes equal to 1 (step 209). 

If the answer is affirmative, control branches at 
step 209 and enters a subroutine for mobile terminals 
traveling between points A, and B v The subroutine 
begins with step 21 1 by setting variable j to one. Con- 
trol then exits to step 212 to check to see if an end- 
of-diveristy-mode request is received from a mobile 
terminal using frequencies fj and Fj. If this request is 
received from a mobile terminal crossing the point A, 
in a direction approaching base station X, the answer 
is affirmative at step 212 and control branches to step 
213 to switch the base and mobile's frequencies to f t 
and Fj and discontinue the diversity reception mode. 

If no end-of-diversity-mode request is received 
from such mobile terminals, or if step 21 3 is executed, 
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control moves to step 214 to check to see if a chan- 
ge-to-f k request is received from a mobile terminal 
operating on frequencies fj and Fj. The decision of 
step 214 will be affirmative if there is a mobile terminal 
crossing a point B, in a direction away from station X s 
(figs. 8A, 8B), and control branches at step 21 4 to step 
215 to switch the base and mobile's frequencies to fj 
and Fj. Variabie j is checked (step 21 6) for equality to 
J and is incremented by one (step 217) in a loop 
including steps 212 through 216. to 

If an affirmative decision is made at step 216, con- 
trol enters a subroutine for mobile terminals traveling 
between points B, and C^ This subroutine starts with 
step 218 in which frequency variable k is set to one. 
Exit then is to step 219 to check to see if an end-of- 15 
diversity-mode request is received from a mobile ter- 
minal operation on frequencies f k and Fj. If there is a 
mobile terminal crossing the point in a direction 
toward station Y t an end-of-diversity-mode request 
will be received and an affirmative decision will be 20 
made at step 219. Control branches to step 220 to 
stop using frequencies f k and Fj. 

If there is no mobile terminal crossing the point C t 
in a direction approaching station Y. or if step 220 is 
executed, control advances to step 221 to check for 25 
the reception of a change-to-fj request signal. This 
signal will be received from a mobile terminal crossing 
the point B t in a direction away from station Y. When 
this occurs, control branches at step 221 to step 222 
to switch the base and mobile's frequencies from f k to 30 
fj and proceeds to step 223 to check to see if variable 
k is equal to K. If not, control branches at step 223 to 
step 224 to increment variable k by one and returns 
to step 219 to repeat the process. If k = K, control 
branches at step 223 and returns to the starting point 35 
of the program. 

The foregoing description shows only preferred 
embodiments of the present invention. Various mod- 
ifications are apparent to those skilled in the art with- 
out departing from the scope of the present invention 40 
which is only limited by the appended claims. There- 
fore, the embodiments shown and described are only 
illustrative, not restrictive. 



Claims 

1- A cellular mobile communications system for 
serving mobile terminals within a plurality of cells, 
the system including a plurality of base stations so 
respectively located at the cell sites: 

each of said base stations having unique 
frequencies and common frequencies shared 
with other base stations, each of the base stations 
comprising: 55 

means for assigning one of the unique fre- . 
quencies to a given mobOe terminal in response 
to a call request; 



means for detecting the field strength of a 
signal from said given mobile terminal ; 

means for assigning one of the common 
frequencies to said given mobile terminal if the 
detected field strength of the given mobile termi- 
nal is lower than a threshold value ; 

means for receiving a field strength signal 
from a neighboring base station indicating the 
field strength of a version of the signal of said 
given mobile terminal at said neighboring base 
station and comparing the field strength signal 
with a threshold value; 

diversity combiner means for combining 
the signal of said given mobile terminal with said 
version of the signal of said mobile terminal which 
is received by and relayed from said neighboring 
base station when the field strength of said ver- 
sion of the signal at said neighboring station is 
higher than said threshold value, and 

each of said mobile terminals comprising 
means for tuning to frequencies assigned by the 
base stations and diversity combiner means for 
combining a signal from the base station which 
assigned said common frequency with a signal 
from said neighboring base station. 

2. A cellular mobile communications system for 
serving mobile terminals within a plurality of cells, 
the system including a plurality of base stations, 
respectively located at the cell sites: 

each of said base stations having unique 
frequencies, a first group of common frequencies 
and a second group of common frequencies, said 
common frequencies of the first and second 
groups being shared with other base stations, 
each of the base stations comprising: 

means for assigning one of the unique fre- 
quencies to a given mobile terminal in response 
to a call request; 

means for detecting the field strength of a 
signal from said given mobile terminal; 

means for assigning one of the common 
frequencies of the first group to said given mobile 
terminal if the detected field strength is lower than 
a threshold value; 

means for receiving a field strength signal 
from a neighboring base station indicating the 
field strength of a version of the signal of said 
given mobile terminal at said neighboring base 
station and comparing the field strength signal 
with a threshold value ; 

diversity combiner means for combining 
. the signal of said given mobile terminal with said 
version of the signal which is received by and 
relayed from said neighboring base station when 
the field strength of said version of the signal at 
said neighboring station is higher than said 
threshold value; and 
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means for assigning one of the common 
frequencies of the second group to said given 
mobile terminal when the field strength of said 
version of said signal at said neighboring base 
station becomes lower than the detected field s 
strength of the signal of said mobile terminal, and 

each of said mobile terminals comprising 
means for tuning to frequencies assigned by the 
base stations and diversity combiner means for 
combining a signal from the base station which 10 
assigned said common frequencies of the first 
and second groups with a signal from said 
neighboring base station. 

3. A cellular mobile communications system as 15 
claimed in claim 2, wherein the signal from the 
base station is transmitted to the given mobile ter- 
minal at one of the common frequencies of the . 
first group and the signal from said neighboring 
base station is transmitted to the given mobile ter- 20 
minal at one of the common frequencies of the 
second group. 

4. A cellular mobile communications system for 
serving mobile terminals within a plurality of cells, 25 
the system including a plurality of base stations 
respectively located at the tell sites, 

each of the mobile terminals comprising: 
means for detecting the field strength of 

signals transmitted from surrounding base sta- 30 

tions; 

means for transmitting a start-of-diversity- 
mode request signal when the field strength of 
one of said surrounding base stations is higher 
than a threshold value ; 35 

means for transmitting an end-of-diversity- 
mode request signal when the field strength of 
said one of the surrounding base stations is 
higher than the field strength of another base sta- 
tion but lower than said threshold value; and 40 

means for tuning to frequencies assigned 
by the base stations, each of said base stations 
having unique frequencies and common 

frequencies shared with other base sta- 
tions, each base station comprising: 45 

means for assigning one of the unique fre- 
quencies to a given mobile terminal in response 
to a call request 

means for assigning one of the common 
frequencies to said given mobile terminal in res- so 
ponse to said start-of-diversity-mode request sig- 
nal; and 

diversity combiner means for combining 
the signal of said given mobile terminal with a ver- 
sion of the signal of the given mobile terminal 55 
which is received by and relayed from another 
base station during a period starting in response 
to said start-of-diversity-mode request signal and 



terminating in response to the end-of-diversity- 
mode request signal; 

5. A cellular mobile communications system for 
serving mobile terminals within a plurality of cells, 
the system including a plurality of base stations 
respectively located at the cell sites, 

each of the mobile terminals comprising: 
means for detecting the field strength of 
signals transmitted from surrounding base sta- 
tions; 

means for transmitting a start-of-diversity- 
mode request signal when the field strength of 
one of said surrounding base stations is higher 
than a threshold value; 

means for transmitting an end-of-diversity- 
mode request signal when the field strength of 
said one of the surrounding base stations is 
higher than the field strength of another base sta- 
tion but lower than said threshold value and a 
change-of-frequency request signal when the 
field strength of said one of the surrounding base 
stations is lower than the field strength of said 
another base station; and 

means for tuning to frequencies assigned 
by the base stations, 

each of said base stations having unique 
frequencies, a first group of common frequencies 
and a second group of common frequencies, the 
common frequencies of both groups being shared 
with other base stations, each base station com- 
prising: 

means for assigning one of the unique fre- 
quencies to a given mobile terminal in response 
to a call request; 

means for assigning one of the common 
frequencies of the first group to said given mobile 
terminal in response to said start-of-diversity-mo- 
de request signal and assigning one of the com- 
mon frequencies of the second group in response 
to said change-of-frequency request signal; and 

diversity combiner means for combining 
the signal of said given mobile terminal with a ver- 
sion of the signal of the given mobile terminal 
which is received by and relayed from another 
base station during a period starting in response 
to said start-of-diversity-mode request signal and 
terminating in response to the end-of-diversity- 
mode request signal, 

6. A cellular mobile communications system as 
claimed in claim 5, wherein the signal from the 
base station is transmitted to a given mobile ter- 
minal at one of the common frequencies of the 
first group and the signal from said neighboring 
base station is transmitted to the given mobile ter- 
minal at one of the common frequencies of the 
second group. 
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